INTRODUCTION
Iliopsoas muscle stretching is one of the primary important methods in hip joint rehabilitation. 1 Shortness of the iliopsoas muscle was a main cause of faulty hip movement during prone hip extension (PHE). 1 Reduced iliopsoas flexibility causes insufficient hip extension angle during PHE by anteriorly pulling on the lesser trochanter. 2 As a result, limited hip extension range of motion (ROM) contributed to a possible cause of both increased anterior pelvic tilt and subsequent excessive lumbar lordosis during PHE. 1 Therefore, the hyperextension of the lumbar spine with dominant back extensor
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muscle may result in facet joint impingement with the onset of low back pain (LBP). 3 The main muscle involved in increasing hip extension angle is gluteus maximus (GM) in prone position. The GM plays an important role to maintain the axis of femur head with constant center of motion and to transfer the load through the pelvis during PHE. 1 Incorrect PHE exercises because of shortness of the iliopsoas muscle may lead to increased adjacent muscle activation such as the biceps femoris (BF) and erector spinae (ES) and to uncontrolled lumbopelvic motions. Hyperactivity of the BF with ES resulting in insufficient GM muscle activity may be related to decreased hip extension angle in subjects with shortness of the iliopsoas. 4 Thus, increasing the flexibility of iliopsoas with selective GM activation might be important for the correct PHE exercises in hip rehabilitation.
Many previous studies have investigated the effectiveness of various stretching exercises for increasing flexibility of iliopsoas. 5, 6 These studies have demonstrated immediately increased ROM of hip extension after stretching exercise. 5, 6 The previous study reported improving hip extension ROM may reduce this compensatory anterior pelvic tilt, thereby more evenly contributing to the performance demands on the lumbar spine. 7 However, in this study, we used the modified stretching technique to control the amount of applied pressure to the hip joint with external lumbopelvic fixation by hand. This study used gross stretching in prone to increase the flexibility of iliopsoas.
Various interventions, including the conventional PHE, the modified PHE, the single-limb squat and the double-legged squat have been suggested to increase GM activation in individuals with GM weakness. [8] [9] [10] In previous study, performing the PHE exercise with constant knee flexion of 90° compared to constant full knee extension could be a better strategy to selectively activate GM muscle with minimal activation of BF and ST. 11 In addition, Kang et al (2013) reported that PHE with knee flexion exercise in the 30° hip abduction can lead to maximal GM and minimal hamstring activity than 0° hip abduction position. For these reasons, PHE exercise was performed with 30° hip abduction with 90° knee flexion to increase the activity of GM. 9, 11 Iliopsoas stretching might be used to reduce muscle imbalance before exercises to activate GM muscle activity for subjects with a short iliopsoas. Even if this technique might be helpful, no studies have investigated to increase the flexibility of iliopsoas and the activation of GM muscle in subjects with a short iliopsoas. The purpose of present study was to compare the difference between PHE and prone hip extension exercise after iliopsoas stretching (PHEIS) on the electromyographic (EMG) activity of GM and angle of anterior tilt and rotation of pelvis and hip extension in subjects with a short iliopsoas. The hypothesis of this study was that GM activity and hip extension angle would be more increased and that ES, BF and lumbopelvic compensations would be more decreased during PHEIS compared to only PHE in subjects with a short iliopsoas. 
METHODS

Participants
Procedures
The subjects were familiarized with the PHE with 30° hip abduction with 90° knee flexion during a 5-min period prior to measurements. The subjects were asked to be in prone on the table. Each subject was performed each task until hip extension angle (10°) was reached to the placement of the target bar. During all the exercises, the target bar was placed at 5 cm above the center of popliteal fossa. For the EMG data measurement, the subjects were asked to perform two trials of each exercise (PHE first and then PHEIS) with a 1 min resting time between trials. EMG data for 5 sec were collected during the isometric phase of exercise. To analyze EMG data, middle 3 sec during the isometric phase of each exercise was used to prevent possible starting or ending effects and connecting element of skin-electrode. 14 The value of each trial was averaged for the data analysis. The metronome was used at one beat per second to perform exercises at standard speed. 15 The subjects had resting time to avoid test order effect for 10 min after PHE. 16 The hip extension angle was measured by the modified Thomas test after each PHE exercise. The examiners were blinded. The iliopsoas
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Each stretching was maintained for 30 sec. The resting time for 15 sec was provided between each stretching. After the iliopsoas stretching, the same procedure was performed to measure EMG activities and hip extension angle.
Electromyography recording and data analysis
EMG-feedback was provided by a wireless telemetry system (Wireless EMG System (100RT), BTS, Millan, Italy). To analyze hip and trunk muscle contraction, we used surface EMG with the analyzing software. A digital band-pass filter (Lancosh FIR), which filtered movement artifacts were eliminated by a 20-450 Hz. And sample rate was set 1,024 Hz.
The EMG signals were processed with root mean square with a moving window of 50 ms. While subjects maintained the dominant leg at the target bar, EMG signals were recorded for 5 sec. Before electrode placement, the skin was cleaned and swabbed by cotton with isopropyl alcohol to minimize skin resistance. Disposable Ag/AgCl surface electrodes were applied to the exact sites. 17, 18 Electrodes were placed over the midsection of subjects' muscle bellies. 14 
Kinematics measurements
The Polhemus Liberty™ (Polhemus, Colchester, VT, USA) was employed to investigate pelvic compensations at 120 Hz and monitor compensations of anterior tilting and rotation during the exercises. Metal objects were eliminated for interference effect. The electromagnetic motion sensor was attached to S2 skin. The transmitter was remained with the same position and orientation during all PHE exercises performed. The electromagnetic tracker system (global reference frame) was aligned with the orientation of PTHE, +X parallel to the line of both anterior superior iliac crest (ASIS), +Y directed anterior-posterior axis, and +Z vertically upwards.
Hip extension angle measurement
The subjects were positioned for the modified Thomas test in supine position at the edge of the therapeutic table. Hip extension angle was measured by universal goniometer. The axis of the goniometer was placed at greater trochanter in tested side. The linear bar was placed to femur. The ICC was 0.87.
Prone hip extension
The subject performed a prone position on the table with his upper trunk, pelvis, and lower extremity in a straight line.
Their feet were placed with shoulder apart. Both arms were placed comfortably beside the trunk without pushing the ground with the hands. The subject was asked to perform PHE in the prone position with 30° hip abduction with 90° knee flexion until his leg touched the bar (Figure 1) . Thus, the hip joint was in extension at 10° with knee flexion reached the target bar, maintained in the same position for 5 s, and then slowly returned to the start position.
Prone hip extension after iliopsoas stretching
The subjects were positioned in a prone position, with their feet width shoulder apart and 90° knee flexion of tested side.
Their arms were comfortably placed beside trunk. The investigator stabilized the sacrum and tested side of ilium by placing one hand. And then, another hand grasped the 90° bent knee and passively, vertically extended the subject's hip joint until the end range of motion for 30 sec, 10 times with 15 sec resting time between each stretch ( Figure 2 ). To assess the normality of the distribution, a Kolmogorov-Smirnov test was employed. Differences in EMG muscle activities and lumbopelvic motions between each exercise (PHE and PHEIS) were compared using Paired t-tests. The level of significance was set at α=0.05.
Statistical analysis
RESULTS
EMG activity
The ES EMG activities in both sides and BF EMG activities in right side were significantly lower in PHEIS than PHE (p<0.05) ( Table 1 ). The GM EMG activities in right side was significantly greater for PHEIS than PHE (p<0.05) ( Table 1 ). However, There was no significant difference in the EMG amplitudes in the both MF between the exercises (p>0.05).
Lumbopelvic kinematics
The anterior tilting and rotation during PHEIS was significantly lower than PHE (p<0.05) ( Table 2) .
Hip extension
The hip extension angle assessed by the modified Thomas test after iliopsoas stretching was significantly greater compared to PHE (p<0.05) ( Table 3 ).
DISCCUSSION
The purpose of this study was to investigate the iliopsoas stretching in subjects with iliopsoas shortness by comparing Table 2 . Lumbopelvic kinematics Table 3 . Hip extension angle both PHE and PHEIS. This study compared EMG activities of ES, MF, GM and BF and lumbopelvic compensations. This study can be novel to investigate the hip extension angle and GM activity after stretching of iliopsoas during PHE.
Our results reported that the hip extension angle and GM activity were significantly greater and the lumbopelvic compensations, ES and BF were significantly lower in PHEIS compared with PHE. The changing differences in the hip extension angle, GM, ES and BF activity were 6.2°, 28.31%, -13.87% and -10.81% respectively. The previous study reported that the hold and relax technique of the iliopsoas muscle stretching decreased the back pain and lumbar lordosis angle, increased transvers abdominalis and hip extension angle in subjects with lumbar hyperlordosis. 20 The different iliopsoas stretching techniques with both muscle energy technique and post isometric relaxation for 3 weeks in healthy subjects were investigated to compare the effectiveness on hip extension angle. 21 The findings from the previous study reported that although both muscle energy technique and post isometric relaxation were effective for improving iliopsoas length, muscle energy technique was more effective compared to post isometric relaxation in hip extension angle assessed by the modified thomas test (Hip extension angle Journal of KEMA change: 4.67°). 21 However, Akbari and Mohammadi (2007) reported the flexibility of iliopsoas stretching carried out for 5 weeks, 3 times a week, session 2 min was not statistically different between group intervention (5 sec vs. 15 sec stretch).
Both groups were increased length of the iliopsoas following iliopsoas stretching in healthy subjects. 22 Although the inter- This study has several limitations. First, we did not directly 
CONCLUSIONS
This study compared PHE and PHEIS on EMG activities of ES, MF, GM and BF and lumbopelvic compensations and hip extension angle in subjects with a short iliopsoas. The findings of the study showed that the hip extension angle and GM activity were significantly greater and the lumbopelvic compensations and ES and BF were significantly lower in PHEIS compared with PHE in subjects with a short iliopsoas.
Consequently, the results indicate that PHEIS could be more effective method than PHE for improving hip extension angle and GM activity in subjects with a short iliopsoas. Thus, iliopsoas stretch should be performed first, and then perform the PHE exercise.
